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Abstract:  
The rare radiative decays 𝐵𝑠
0 → 𝑙+𝑙−𝛾  (𝑙 = 𝜇, 𝜏) are important probes for testing the flavor 
sector of the standard model (SM) and possible extensions. We investigate the effects of non-
universal 𝑍′ boson on the 𝐵𝑠
0 → 𝑙+𝑙−𝛾  decays which can give significant basis to verify the 
new physics (NP) contributions. The 𝑍′ boson gives additional contributions to the Wilson 
coefficients C9 and C10 due to its coupling with leptons and quarks. The coupling parameters 
of 𝑍′ boson are constrained from B-B̅ mixing and different inclusive as well as exclusive 
decays of B meson. We include these contributions to calculate the branching ratios and 
forward-backward asymmetries (𝐴𝐹𝐵) for 𝐵𝑠
0 → 𝑙+𝑙−𝛾 , (𝑙 = 𝜇, 𝜏) decay modes, which 
segregate new physics (NP) effects. We find that the branching ratios are enhanced by one 
order from SM results. We also see the variation of 𝐴𝐹𝐵 with the coupling parameters are 
capable of distinguishing between NP effects and SM results. 
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1. Introduction: 
The rare B-decays induced by flavour-changing neutral current (FCNC) transitions 
are one of the key areas that accommodate the possibilities of physics beyond the standard 
model (SM) [1-3]. Among the rare B meson decays, radiative leptonic decays 𝐵𝑠
0 → 𝑙+𝑙−𝛾 
(𝑙 =  𝜇, 𝜏) [4-8] are of special interest due to their relative cleanliness and their sensitivity for 
several observables, like branching ratios (BR), forward-backward asymmetries and 
polarization asymmetries on the new physics (NP). Due to the presence of an additional 
photon with the lepton pair in the final state, no helicity suppression exists and a large BR is 
expected. In theories these rare decays are attributed to the fact that they occur at loop level in 
the SM and are described by penguin and box diagrams. The SM prediction for branching 
ratios are BR (𝐵𝑠
0 → 𝜇+𝜇−𝛾) = 1.9 x 10-9 [4, 6] and BR (𝐵𝑠
0 → 𝜏+𝜏−𝛾) = 9.54 x 10-9 [5, 6]. 
𝐵𝑠
0 → 𝑙+𝑙−𝛾 decays can be obtained from 𝑏 → 𝑠𝑙+𝑙− transition by attaching a photon to any 
charged internal and/or external fermion lines in it. The contributions from the attachment of 
photon to any charged internal line are strongly suppressed by a factor 𝑚𝑏
2/𝑚𝑊
2  in Wilson 
coefficients and thus can be safely neglected [4-10]. When the photon is emitted from initial 
quarks, the structure dependent (SD) part contributes strongly for the amplitude of 𝐵𝑠
0 →
𝑙+𝑙−𝛾 decays as they are free from the helicity suppression of these radiative decay. But 
when the photon is emitted from external charged leptons, the internal Bremsstrahlung (IB) 
part gives small contribution to the total amplitude since it is proportional to lepton mass. We 
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consider both SD and IB part into account to calculate the total amplitude for 𝐵𝑠
0 →
𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) decay modes.  
The recent results from LHCb collaboration for B-system [11, 12] based on the 3fb-1 
of data show deviation from the SM predictions. The recent measurement from Belle 
collaboration [13] also supports the LHCb results. Further, observation of 3.7σ deviation in 
the angular observable 𝑃5
′ [12, 14] of  *KB mode in 𝑞2  ∈ [4.30, 8.63] 𝐺𝑒𝑉2 bin, 
observation of 2.6 σ deviation in 𝑅𝐾 = 𝐵𝑅(𝐵
+ → 𝐾+𝜇+𝜇−)/𝐵𝑅(𝐵+ → 𝐾+𝑒+𝑒−) in the 
𝑞2  ∈ [1, 6] 𝐺𝑒𝑉2 bin from SM prediction [15], discrepancy in the differential branching 
fraction of the 
 *KB  processes [16] by the LHCb experiment, the observation of 3.2σ 
deviation in the decay rate of the  sB [17] process and many more experimental 
results  [18-22] illustrates the anomalies with the SM predictions. Though these deviations 
are not statistically satisfactory to prove the presence of NP effects but these data have 
intimated several anomalies in B decays induced by FCNC processes  sb  [22] which 
demands NP models as well as model independent way to explain the source of these 
anomalies vigorously. Several studies are done on 𝐵𝑠
0 → 𝑙+𝑙−𝛾 decay modes with models 
beyond the SM [4]. New physics effects in 𝐵𝑠
0 → 𝑙+𝑙−𝛾 decays can be visualized in two way: 
one is through new contributions to the existing Wilson coefficients of SM or through 
modifying the effective Hamiltonian in the SM.  
Theoretically, it is predicted that non-universal Z   bosons are exist in well-motivated 
extensions of the SM [23-27] such as grand unified theories (GUTs), left-right symmetric 
models, Little Higgs models, superstring theories and theories with large extra dimensions. 
But Z boson is not found experimentally so far. The mass of the Z   boson is not known. 
However, there are stringent limits on the mass of Z boson and the ZZ   mixing angle   
from the non-observation of direct production at the CDF [28, 29] and indirect constraints 
from the precision data (weak neutral current processes and LEP II) [30, 31]. Mixing between 
ordinary and exotic left-handed quarks induces Z-mediated FCNCs. The right-handed quarks 
RR sd ,  and Rb  have different )1( U  quantum numbers than exotic Rq . The mixing among 
these right-handed quarks and exotic quarks will induce 𝑍′-mediated FCNCs [32-36] among 
the ordinary down quark types. Tree level FCNC interactions can also be induced by an 
additional 𝑍′ boson due to the non-diagonal chiral coupling matrix. With FCNCs, both Z and 
𝑍′ boson contributes at tree level and it will interfere with the SM contributions [34-38]. In 
this paper, we study the 𝑍′ boson effect on observables like branching ratio and forward 
backward asymmetry of 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) decays. 
This paper is organised as follows. In Section 2, we present effective Hamiltonian 
responsible for the  sb  transitions and the matrix element for the decay modes 𝐵𝑠
0 →
𝑙+𝑙−𝛾  in the SM and also present the forward backward asymmetry associated with the final 
state lepton. Then we discuss the NP contribution to 𝐵𝑠
0 → 𝑙+𝑙−𝛾 decay process due to the 𝑍′-
mediated FCNCs and write the effective Hamiltonian for the 𝑍′ part following the modified 
Wilson coefficients C9 and C10. In Section 3, we obtain the branching ratios for 𝐵𝑠
0 →
𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) processes in the 𝑍′model by using 𝑍′ boson coupling parameters whose 
values are constrained from B meson mixing and different inclusive as well as exclusive 
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decays of B meson. In the same section we discuss the forward backward asymmetry for the 
𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) decay modes in the 𝑍′ model and compare it with the SM predictions. 
Concluding remarks are presented in Section 4. 
2. Theoretical framework: 
The matrix element for the process 𝐵𝑠
0 → 𝑙+𝑙−𝛾 can be obtained from that of the pure 
leptonic 𝐵𝑠
0 → 𝑙+𝑙− (based on 𝑏 → 𝑠𝑙+𝑙−quark level transition) by attaching a photon to any 
charged external fermion lines. The quark level process 𝑏 → 𝑠𝑙+𝑙− can be described by the 
effective Hamiltonian [6, 39], 
𝐻𝑒𝑓𝑓 =  
𝐺𝐹𝛼
√2𝜋
𝑉𝑡𝑏𝑉𝑡𝑠
∗ [
𝐶𝑒𝑓𝑓
9 (?̅?𝛾𝜇𝑃𝐿𝑏)(ℓ̅𝛾
𝜇ℓ) + 𝐶10(?̅?𝛾
𝜇𝑃𝐿𝑏)(ℓ̅𝛾
𝜇𝛾5ℓ)
−
2𝐶7𝑚𝑏
𝑞2
(?̅? 𝑖 𝜎𝜇𝜗 𝑞
𝜗𝑃𝑅𝑏)(ℓ̅𝛾
𝜇𝛾5ℓ)
] ,           (1) 
where  GF is the Fermi coupling constant, 𝑃𝐿,𝑅 =
1
2
(1 ± 𝛾5), Ci’s are the Wilson coefficients 
evaluated at the b quark mass scale in next-to-leading logarithm order [39-42].  
To obtain the matrix element for 𝐵𝑠
0 → 𝑙+𝑙−𝛾 radiative decay we have to attach a 
photon line either with the external hadronic lines, or with outgoing lepton lines in the 
diagrams contributing to Hamiltonian shown in eqn (1). When the photon is emitted from the 
initial quarks (SD part), the matrix elements can be obtained by considering the transition of a 
Bs meson to a virtual photon with momentum 𝑘. Hence, to attach a photon to hadronic line 
we use the following form factors defined by Krüger and Melikhov in [6, 40], 
⟨𝛾(𝑘, 𝜀 )|?̅?𝛾𝜇𝛾5𝑏|𝐵𝑠(𝑝𝐵)⟩ = 𝑖𝑒[𝜖𝜇
∗(𝑝𝐵. 𝑘) − (𝜖
∗. 𝑝𝐵)𝑘𝜇]
𝐹𝐴
𝑀𝐵𝑠
  ,                                   (2) 
              ⟨𝛾(𝑘, 𝜀)|?̅?𝛾𝜇𝑏|𝐵𝑠(𝑝𝐵)⟩ = 𝑒𝜖𝜇𝜗𝛼𝜀
∗𝜗𝑝𝐵
𝛼𝑘𝛽
𝐹𝑉
𝑀𝐵𝑠
 ,                                                           (3) 
               ⟨𝛾(𝑘, 𝜀 )|?̅?𝜎𝜇𝜗𝑞
𝜗𝛾5𝑏|𝐵𝑠(𝑝𝐵)⟩ = 𝑒[𝜖𝜇
∗(𝑝𝐵. 𝑘) − (𝜖
∗. 𝑝𝐵)𝑘𝜇]𝐹𝑇𝐴 ,                              (4)    
             ⟨𝛾(𝑘, 𝜀 )|?̅?𝜎𝜇𝜗𝑞
𝜗𝑏|𝐵𝑠(𝑝𝐵)⟩ = 𝑒𝜖𝜇𝜗𝛼𝜀
∗𝜗𝑝𝐵
𝛼𝑘𝛽𝐹𝑇𝑉 ,                                                   (5)                       
Here, Fi’s are the various form factors which depends upon two factors k2 and the square of 
momentum transfer 𝑞2 = (𝑝𝐵 − 𝑘)
2. The 𝑞2 dependence of 𝐹𝐴, 𝐹𝑉 , 𝐹𝑇𝐴, 𝐹𝑇𝑉 are given as: 
                        𝐹(𝐸𝛾) = 𝛽
𝑓𝐵𝑠𝑚𝐵𝑠
Δ+𝐸𝛾
 ,                                                                                            (6) 
where, 𝐸𝛾 is the photon energy. This is related to the dilepton invariant mass (in the B meson 
rest frame) as: 
                       𝐸𝛾 =
𝑚𝐵𝑠
2
(1 −
𝑞2
𝑚𝐵𝑠
2 ) .                                                                                         (7) 
Therefore, the matrix element for the SD part corresponding to the photon emitted from the 
initial quarks expressed as, 
                 𝑀𝑆𝐷 =
𝛼2/3𝐺𝐹
√2𝜋
𝑉𝑡𝑏𝑉𝑡𝑠
∗ [
𝜖𝜇𝜈𝛼𝛽ℰ
∗𝜈𝑝𝐵
𝛼𝑘𝛽(𝐴1ℓ̅𝛾
𝜇ℓ + 𝐴2ℓ̅𝛾
𝜇𝛾5ℓ) +
𝑖(ℰ𝜇
∗(𝑘 ∙ 𝑝𝐵) − (ℰ
∗ ∙ 𝑝𝐵)𝑘𝜇)(𝐵1ℓ̅𝛾
𝜇ℓ + 𝐵2ℓ̅𝛾
𝜇𝛾5ℓ)
]            (8) 
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where,                𝐴1 = 2𝐶7
𝑚𝑏
𝑞2
𝐹𝑇𝑉 + 𝐶9
𝐹𝑉
𝑚𝐵𝑠
  ,      𝐴2 = 𝐶10
𝐹𝑉
𝑚𝐵𝑠
 
                              𝐵1 = −2𝐶7
𝑚𝑏
𝑞2
𝐹𝑇𝐴 − 𝐶9
𝐹𝐴
𝑚𝐵𝑠
  ,     𝐵2 = −𝐶10
𝐹𝐴
𝑚𝐵𝑠
  .                                       (9) 
The matrix element for the IB part corresponding to the photon, emitted from the 
external charged leptons (the IB part is proportional to lepton mass, its contribution to the 
total matrix element is small compared to the SD part), which follows from helicity 
arguments, is given as [6, 41]: 
                          𝑀𝐼𝐵 =
𝛼2/3𝐺𝐹
√2𝜋
𝑉𝑡𝑏𝑉𝑡𝑠
∗ 𝑓𝐵𝑠𝑚𝑙𝐶10 [ℓ̅ (
* Bp      
𝑝+∙𝑘
−
Bp
*
𝑝−∙𝑘
) 𝛾5ℓ]  .                         (10) 
Hence, the total matrix element can be obtained by adding the two parts given in equation (3) 
and (5) together, i.e. M=MSD + MIB  and hence squared matrix element is, 
                           |𝑀|2 = |𝑀𝑆𝐷|
2 + |𝑀𝐼𝐵|
2 + 2𝑅𝑒(𝑀𝑆𝐷𝑀𝐼𝐵
∗ )                                                   (11) 
The corresponding differential decay width of the 𝐵𝑠
0 → 𝑙+𝑙−𝛾 become , 
                           
𝑑Γ
𝑑?̂?
=
𝐺𝐹
2 𝛼3
210 𝜋4
|𝑉𝑡𝑏𝑉𝑡𝑠
∗ |2𝑚𝐵𝑠
3 𝜟                                                                        (12) 
where, 
  𝛥 =
4
3
𝑚𝐵𝑠
2 (1 − ?̂?)2𝑣𝑙((?̂? + 2𝑟 𝑙)(|𝐴1|
2 + |𝐵1|
2) + (?̂? − 4𝑟 𝑙)(|𝐴2|
2 + |𝐵2|
2)) −
64
𝑓𝐵𝑠
2
𝑚𝐵𝑠
2
𝑟  𝑙
1−?̂?
𝐶10
2 ((4𝑟𝑙 − ?̂?
2 − 1)𝑙𝑛
1−𝑣𝑙
1−𝑣𝑙
+ 2?̂? 𝑣𝑙) − 32𝑟𝑙(1 − ?̂?)
2𝑓𝐵𝑠𝑅𝑒(𝐶10𝐴1
∗ )                   (13) 
with 𝑠 = 𝑞2(momentum transferred square and 4𝑚𝑙
2 ≤ 𝑠 ≤ 𝑚𝐵𝑠
2 ), ?̂? = 𝑠 𝑚𝐵𝑠
2⁄ , 𝑟𝑙 = 𝑚𝑙
2 𝑚𝐵𝑠
2⁄ , 
and 𝑣𝑙 = √1 − 4𝑚𝑙
2 𝑞2⁄ . The forward-backward (FB) asymmetry associated with the final 
state lepton is defined as, 
                      








cos
cosˆ
cos
cosˆ
cos
cosˆ
cos
cosˆ
)ˆ(
0
1
1
0
0
1
1
0
d
dsd
d
d
dsd
d
d
dsd
d
d
dsd
d
sAFB










                                            (14) 
Hence the FB asymmetry will be, 
                         𝐴𝐹𝐵 =
1
𝜟
{
2𝑚𝐵𝑠
2 ?̂?(1 − ?̂?)3𝑣𝑙
2𝑅𝑒(𝐴1
∗ 𝐵2 + 𝐵1
∗𝐴2)
+32𝑓𝐵𝑠𝑟 𝑙 (1 − ?̂?)
2 𝑙𝑛 (
4𝑟
 𝑙
?̂?
) 𝑅𝑒(𝐶10𝐵2
∗)
}                                        (15) 
Let us consider the 𝐵𝑠
0 → 𝑙+𝑙−𝛾  decay process in a non-universal 𝑍′model [24]. A family 
non-universal 𝑍′model can be derived from the extension of SM by including an additional 
𝑈′(1) gauge symmetry to it. In this model, the FCNC transitions could be induced at tree 
level because of the non-diagonal chiral coupling matrix. Ignoring 𝑍 − 𝑍′ mixing and 
considering the couplings of right-handed quark flavours with the 𝑍′ boson are diagonal, the 
𝑍′ boson part of the effective Hamiltonian for 𝑏 → 𝑠𝑙+𝑙−   can be written as [37, 42-48]: 
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                           𝐻𝑒𝑓𝑓
𝑍′ = −
4𝐺𝐹
√2
𝑉𝑡𝑏𝑉𝑡𝑠
∗ [Λ𝑠𝑏𝐶9
𝑍′𝑂9 + Λ𝑠𝑏𝐶10
𝑍′𝑂10]                                              (16) 
where,            Λ𝑠𝑏 =
4𝜋𝑒−𝑖𝜑𝑠𝑏
𝛼𝑉𝑡𝑏𝑉𝑡𝑏
∗                                                    (17) 
                         𝐶9
𝑍′ = Λ𝑠𝑏|𝐵𝑠𝑏|𝑆𝑙𝑙,          𝐶10
𝑍′ = Λ𝑠𝑏|𝐵𝑠𝑏|𝐷𝑙𝑙                                                    (18) 
The most useful feature of the non-universal 𝑍′ boson is that the operator basis remains same 
as in the SM and the only change occurs in Wilson coefficients 𝐶9 and 𝐶10. Hence, the effect 
of non-universal 𝑍′boson can be evaluated by replacing the SM Wilson coefficients C9 and 
C10 as:  
                            𝐶9
𝑆𝑀+𝑍′ = 𝐶9
𝑆𝑀 +
4𝜋𝑒−𝑖𝜑𝑠𝑏
𝛼𝑉𝑡𝑏𝑉𝑡𝑏
∗ |𝐵𝑠𝑏|𝑆𝑙𝑙 ,                                                              (19) 
                            𝐶10
𝑆𝑀+𝑍′ = 𝐶10
𝑆𝑀 +
4𝜋𝑒−𝑖𝜑𝑠𝑏
𝛼𝑉𝑡𝑏𝑉𝑡𝑏
∗ |𝐵𝑠𝑏|𝐷𝑙𝑙 .                                                             (20) 
In above expression, the Sll and Dll are associated with the couplings of the 𝑍′ boson with the  
left- and right-handed leptons respectively, Bsb corresponds to the off-diagonal left handed 
coupling of quarks with 𝑍′ boson and 𝜑sb corresponds to a new weak phase. In this model, 
the new physics contributions to BR and forward backward asymmetry for 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 =
𝜇, 𝜏) decays are analysed in the light of above modifications in section 3. 
3. Numerical Analysis and Discussion:  
In this section, we calculate the BR and analyze the FB asymmetry for 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) 
decay in a non-universal 𝑍′ model. For this purpose we need to fix all input parameters. First 
of all the parameters ( 𝛽 and Δ) appearing in the form factors (6) are summarised in Table-1. 
Then to evaluate different observables in 𝑍′ model we need to fix the numerical values of the 
𝑍′ coupling  parameters sbB , 𝜑𝑠𝑏, llS  and llD . The values are strictly constrained from B 
meson mixing and different inclusive as well as exclusive decays of B meson. The D0 and 
CDF collaboration have reported evidence for anomalously large CP violation in like-sign 
dimuon charge asymmetry in semileptonic decays of b hadrons [49, 50]. To explain the 
observed anomalies for the same-sign dimuon charge asymmetry and other mixing 
parameters, explicit study have  been performed in [51, 52] by considering the new 
contributions coming from family non universal 𝑍′ boson model. The 𝑍′ model could not 
simultaneously reconcile all the present data on 00 qq BB   mixing but it provides new 
constraints over the 𝑍′ parameters. Here, we have considered two scenarios (S1 and S2) for 
numerical values of the 𝑍′ parameters corresponding to two different fitting values for 𝐵𝑠 −
𝐵𝑠̅̅ ̅ mixing data from from the UTfit Collaboration [53-59] which are listed below in Table-2. 
The numerical values of all other parameters’ are taken from Particle Data Group [60]. 
 
Table-1: The parameters for 𝐵 → 𝛾 form factors [7]. 
 𝐹𝑉 𝐹𝑇𝑉 𝐹𝐴 𝐹𝑇𝐴 
𝛽 0.28 0.30 0.26 0.33 
Δ 0.04 0.04 0.30 0.30 
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Table-2: The numerical values of  𝑍′ coupling parameters [49-56]. 
 |𝐵𝑠𝑏| × 10
−3 𝜑𝑠𝑏 in degree 𝑆𝑙𝑙 × 10
−3 𝐷𝑙𝑙 × 10
−3 
S1 22.009.1   772  9.38.2   6.27.6   
S2 15.020.2   482  4.12.1   9.05.2   
Using all the input parameters discussed above we calculate the BR for 𝐵𝑠
0 →
𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) with 𝑍′ parameters from S1 and S2 scenario simultaneously. In Fig.1 we have 
shown variation of BR for 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) with respect to 𝑍′ parameters within the 
allowed ranges in S1 and S2. The plots show considerable enhanced values than the SM 
predictions. The maximum BR corresponding to each decay in S1 and S2 are collectively 
given in Table-3. 
Table-3: Numerical estimation of the BR of 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) in 𝑍′ model. 
𝑍′ model BR (𝐵𝑠
0 → 𝜇+𝜇−𝛾) BR (𝐵𝑠
0 → 𝜏+𝜏−𝛾) 
S1 1.65 × 10−8 1.86 × 10−8 
S2 1.08 × 10−8 1.14 × 10−8 
 
      
(a)                                                                       (b) 
        
                                    (c)                                                                             (d)                              
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Fig. 1: BR ( 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) ) in 𝑆1 and 𝑆2 with different 𝜑𝑠𝑏 values. 
       Further, the NP contribution to the FB asymmetry are encoded in the modified Wilson 
coefficient. Therefore, we investigate the variation of FB asymmetry for 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 =
𝜇, 𝜏) ) decays with different values of  𝑍′ coupling parameter within the kinematical 
accessible physical range of s. We find that the FB asymmetry can be a good discriminant of 
NP. The plots shown in Fig. 2, Fig. 3, Fig. 4 and Fig. 5 certainly distinguish between NP 
contributions from that of SM predictions.  
 
          
   (a)                                                                           (b)          
                                        
       (c)                  
Fig. 2: Represents the dependence of  𝐴𝐹𝐵(𝐵𝑠
0 → 𝜇+𝜇−𝛾 ) on 𝑆𝑙𝑙 and 𝐷𝑙𝑙 at (a) 𝑠 = 0.2 𝐺𝑒𝑉
2 
(b) 𝑠 = 2 𝐺𝑒𝑉2 (c) 𝑠 = 20 𝐺𝑒𝑉2, with |𝐵𝑠𝑏| = 1.31 × 10
−3 and   𝜑𝑠𝑏 = −79°  (𝑆1). The 
blue plane correspond to the SM results. 
In Fig. 2 (a), the 𝐴𝐹𝐵(𝐵𝑠
0 → 𝜇+𝜇−𝛾 ) increases gradually with 𝑆𝑙𝑙 and 𝐷𝑙𝑙 in low 𝑠 =
0.2 𝐺𝑒𝑉2 region with the coupling parameters within the range of 𝑆1 but the 𝐴𝐹𝐵 is less than 
the SM result. The sketch is quiet opposite in Fig. 3 (a) and (b), here the 𝐴𝐹𝐵 considerably 
enhanced from the SM depending on 𝑍′ coupling parameter within scenario 𝑆2 in same low 
𝑠 = 0.2 𝐺𝑒𝑉2 region. In Fig. 2 (b), 𝐴𝐹𝐵 slope initially drops and then enhanced noticeably 
from the SM result at 𝑠 = 2 𝐺𝑒𝑉2. The situation is a bit different in Fig. 2 (c) and 3 (c) where 
𝐴𝐹𝐵 in high s region slowly increases and cross the SM value with increasing values of  𝑍
′ 
coupling parameters in scenario 𝑆1 and 𝑆2 respectively. Fig. 4 and 5 show the 𝐴𝐹𝐵 for  𝐵𝑠
0 →
8 
 
𝜏+𝜏−𝛾 decay is enhanced from the SM results in both the 𝑍′ scenario 𝑆1 and 𝑆2 respectively. 
The nature of the slopes of the 𝐴𝐹𝐵 for  𝐵𝑠
0 → 𝜏+𝜏−𝛾 decay in Fig. 4 (a), (b) and 5 (a), (b) are 
almost similar, but they differ from slopes of the 𝐴𝐹𝐵 for  𝐵𝑠
0 → 𝜇+𝜇−𝛾 decay shown in Fig. 2, Fig. 
3 and Fig. 4. This may indicate towards the lepton non-universality in these decay modes. 
 
                
                                        (a)                                                                                 (b) 
                                             
                                                                                        (c)                          
Fig. 3: Represents the dependence of 𝐴𝐹𝐵(𝐵𝑠
0 → 𝜇+𝜇−𝛾 ) on 𝑆𝑙𝑙 and 𝐷𝑙𝑙 at : (a) 𝑠 = 0.  2𝐺𝑒𝑉
2 
(b) 𝑠 = 2 𝐺𝑒𝑉2 (c) 𝑠 = 20 𝐺𝑒𝑉2, with |𝐵𝑠𝑏| = 2.35 × 10
−3 and   𝜑𝑠𝑏 = −86° (𝑆2). The 
blue plane corresponds to the SM results. 
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                                            (a)                                                                       (b)    
Fig. 4: Represents the dependence of 𝐴𝐹𝐵(𝐵𝑠
0 → 𝜏+𝜏−𝛾 ) on 𝑆𝑙𝑙 and 𝐷𝑙𝑙 at : (a) 𝑠 = 13𝐺𝑒𝑉
2 
(b) 𝑠 = 25 𝐺𝑒𝑉2 with |𝐵𝑠𝑏| = 1.31 × 10
−3 and   𝜑𝑠𝑏 = −79° (𝑆1). The blue plane 
corresponds to the SM results. 
 
         
                                       (a)                                                                   (b)      
Fig. 5: Represents the dependence of 𝐴𝐹𝐵(𝐵𝑠
0 → 𝜏+𝜏−𝛾 ) on 𝑆𝑙𝑙 and 𝐷𝑙𝑙 at : (a) 𝑠 = 13𝐺𝑒𝑉
2 
(b) 𝑠 = 25 𝐺𝑒𝑉2 with |𝐵𝑠𝑏| = 2.35 × 10
−3 and   𝜑𝑠𝑏 = −86° (𝑆2). The blue plane 
corresponds to the SM results. 
4. Conclusion: 
In this paper, we have studied the effect of non-universal 𝑍′ on the rare radiative semileptonic 
𝐵𝑠
0 → 𝑙+𝑙−𝛾  decays. This non-universal  𝑍′ model allows FCNC transitions at tree level 
which gives a boost for the physical observables compare to their SM values. The estimated 
BR for 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) decay process in 𝑍′ model  are enhanced with one order than the 
SM predicted values. The BR also depends on the coupling of 𝑍′ with that of quarks and 
leptons. The Fig.1 depicts the same in both scenarios 𝑺𝟏 and 𝑺𝟐 with different 𝜑𝑠𝑏 values. The 
effect of the  𝑍′-mediated FCNCs enhances the BR in these decay modes. The FB asymmetry 
10 
 
plays a vital role to discriminate NP effects. Our plots show that the, FB asymmetry for 𝐵𝑠
0 →
𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) decay process in 𝑍′ model depends on the 𝑍′ coupling parameters severely 
and it also clearly distinguishes between NP contributions and SM results. In this paper, we 
have studied the possible NP scenario in 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 = 𝜇, 𝜏) decays in the light of 𝑍′ model 
but the precise measurement of observables like BR and FB asymmetry for 𝐵𝑠
0 → 𝑙+𝑙−𝛾 (𝑙 =
𝜇, 𝜏) decays is very much needed to test the allowed NP models. Detection of these decays in 
present/future colliders with the precise measurements and analysis of the physical 
observables would clear all the conjecture about the NP predictions. Complete analysis of the 
full data sets of the LHC experiments is a big challenging task for both the theoretical and 
experimental communities.  
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